The incidence, success rate, and complications of awake tracheal intubation in 1,554 patients over 12 years: an historical cohort study Incidence, taux de réussite et complications de l'intubation trachéale chez 1554 patients éveillés sur une période de 12 ans: une étude de cohorte historique 
prendre en charge un patient présentant des voies aériennes anticipées comme étant difficiles. Il n'existe que très peu de données concernant la fréquence à laquelle on réalise une intubation vigile ou si son utilisation change au fil du temps, particulièrement au vu de la disponibilité de plus en plus répandue de la vidéolaryngoscopie. Cette revue rétrospective de base de données a été entreprise afin de déterminer l'incidence, le taux de réussite et les complications liées à l'intubation chez le patient éveillé ainsi que l'incidence d ' Awake tracheal intubation can be defined as the placement of an endotracheal tube (ETT) prior to the induction of general anesthesia. Canadian and American guidelines acknowledge awake intubation as an option for management of the patient with an anticipated difficult airway. 1, 2 Awake intubation can provide an extra margin of safety by allowing the patient to maintain gas exchange, airway patency, and protection against aspiration during the procedure. Besides anticipated difficulty with tracheal intubation itself, a decision to proceed with awake intubation often relates to concomitant predictors of difficulty with bag and mask ventilation, use of a supraglottic device (SGD), or obtaining an emergency surgical airway. 3 The presence of a full stomach, likely intolerance of apnea, or the absence of skilled assistance may also impact the decision. 1 Successful and well-tolerated awake tracheal intubation requires a cooperative patient and excellent local anesthesia of the oropharynx, larynx, and trachea. The procedure can be facilitated by a judicious degree of systemic sedation. Although the flexible bronchoscope has traditionally been the most frequently used device to facilitate awake intubation, rigid video laryngoscopy (VL) has recently been described to facilitate awake intubation with comparable success. [4] [5] [6] The well-performed awake intubation is a complex interaction of appropriate case selection, good patient preparation, and technical expertise in performing the procedure. It is a skill that should be acquired and maintained by all anesthesiologists. Nevertheless, as the need for awake intubation is relatively infrequent, few opportunities exist to acquire skills and maintain competence. This could be problematic, as a lack of confidence in performing awake intubation when significant difficulty is predicted could potentially lead to a less safe decision to induce general anesthesia before securing the airway. This tendency might be compounded by an overreliance on the efficacy of VL in addressing anatomic predictors of difficult direct laryngoscopy (DL).
Little information exists on how frequently awake tracheal intubation is used or whether its incidence is changing over time. Many clinicians have the impression that they are performing fewer awake intubations than in years past. A recently published analysis of 317,509 cases performed under general anesthesia at a hospital in the United States documented decreasing use of ''fibreoptic intubation'' over 12 years ending in February 2013, mirrored by an increase in the use of VL. 7 Nevertheless, it was unclear from that report whether the use of fibreoptic intubation related only to awake intubation or included its use after the induction of general anesthesia. When directors of anesthesia residency training programs and continuing education officers are establishing optimal training regimens and professional development offerings, it would be useful for them to know how often awake tracheal intubation occurs and whether its incidence might be changing.
The primary purpose of this study was to determine the annual incidence of awake tracheal intubation and whether it had changed over the period 2002-2013. The null hypothesis was that the incidence of awake tracheal intubation had not changed significantly over this time period. As a secondary outcome, we determined how frequently alternatives to DL (such as VL) were used in each of the studied years to facilitate tracheal intubation after the induction of general anesthesia. Furthermore, we determined the success rate as well the incidence and type of reported complications for the identified attempted awake intubations.
Methods
This was a retrospective database review involving the Anesthesia Information Management System (AIMS) used in our operating rooms. The study was The AIMS was electronically searched for all cases performed under general anesthesia. Of these, only cases involving transoral or transnasal tracheal intubation were further assessed -those performed with face mask ventilation, an SGD, or awake tracheostomy were excluded from analysis. To identify cases of awake tracheal intubation, Excel (Microsoft Corporation, Redmond, WA, USA) spreadsheets of the general endotracheal anesthesia (GETA) cases retrieved from the AIMS records were downloaded and separated into calendar years. After assessment of the total number of cases performed under GETA, each year was searched in all fields using the Excel ''Find'' function for the following key words or terms: awake intubation, awake fibreoptic, awake fiberoptic, awake fiber optic, awake bronchoscopic, awake, aware, tracheal intubation, fibre-optic, topical, Lidocaine and Xylocaine were excluded as search terms due to their frequent recorded use for indications other than awake intubation. All retrieved entries were then manually assessed to confirm whether awake intubation had indeed been attempted. Awake intubation cases were pasted to a new spreadsheet for each studied year in order of date performed.
Data on each year's awake intubation spreadsheet were then examined to confirm the absence of duplicate entries for the same case by comparing unique numeric patient and case identifiers, surgery date, and surgery start times. The text for each retained entry was then re-reviewed in its entirety to determine the ultimate success of an attempted awake intubation, number of attempts, and nature of any recorded complications. For all identified cases of awake intubation, patient demographic information was retrieved from the same spreadsheet, including age, sex, and surgical procedure.
A second search of the initially retrieved AIMS GETA records was performed for each year to assess use of VL and non-VL alternatives to DL after induction of general anesthesia. Video laryngoscopes in use during some or all of the studied time period included the GlideScope . Brand and generic terms for these devices were searched for frequency of use. During this data extraction, no distinction was made between use of a device for an actual difficult intubation situation or for skills maintenance or teaching purposes. Use of flexible bronchoscopy in the induced patient was not assessed during this search component due to its overlapping roles in tracheal intubation, in positioning a double-lumen tube or bronchial blocker, and in both anesthesia-and surgicalrelated diagnostics.
Lastly, we studied a convenience sample of three years (2011-2013) to obtain information on how often individual attending anesthesiologists had performed an awake intubation. Anesthesiologists were included only if they had worked clinically for at least a full-time equivalent of 0.6 for all three years. Their individual rates of awake intubation were determined.
Changes in awake intubation and VL incidence over time were analyzed by examining their rates of use in sixmonth time intervals using linear regression analysis with time intervals as the independent variables. Slope estimates (representing the incidenceÁyear -1 ), P values, and the Table 1 . Eighteen cases retrieved using the keyword search parameters could not be confirmed as awake intubations during the manual review; consequently, they were excluded from awake group analysis but retained in the denominator totals. The 1.06% overall incidence of awake intubation ranged from 0.92-1.32% annually. Table 2 outlines the incidence details in six-month time intervals. The incidence of awake intubation did not change significantly over this time period (slope -1.4 -4 incidenceÁyear -1 ; 95% CI: -3.0 -4 to 3.0 -5 ; P = 0.102). GA = general anesthesia; Jan = January; Jun = June; Jul = July; Dec = December A retrospective review of 1,554 awake tracheal intubations 739
Attempted awake intubation failed in 31 (2%) of the 1,554 cases. The causes of failure and subsequent disposition of these cases appear in Fig. 1 . The one case involving complete loss of airway patency (''can't intubate, can't ventilate'') occurred during application of topical airway anesthesia in a patient with a submandibular abscess. In this case, an emergency surgical airway was successfully performed. No cases were cancelled or deferred following failed awake intubation.
A flexible bronchoscope was used to facilitate all but 12 of the 1,554 awake intubations (99.2%) in this series. For the GETA cases intubated after induction, reported uses of VL and other alternatives to DL for the study period appear in Table 3 and are presented graphically in Fig. 2 . There was a significant increase in the use of VL over the 12 years (slope 0.080 incidenceÁyear -1 ; 95% CI: 0.076 to 0.086; P \ 0.001), most pronounced from 2009 onwards.
In the convenience sample (2011-2013) that assessed how often each of 49 individual anesthesiologists performed awake tracheal intubation, the median [IQR] rate of awake intubation was 0.8 [0.4-1.3] per 100 patients undergoing GETA and varied from a low of zero to a high of 3.4 per 100 patients undergoing GETA (Fig. 3) . As our hospital is a teaching institution, the attending anesthesiologists in this analysis may have performed the awake intubation themselves or they may have acted in a supervisory role for a resident. The attending anesthesiologists' median [IQR] years of experience at the institution was 10.1 [6.1-17.1] yr.
Complications during successful awake intubation were self-reported in 239 (15.7%) of the 1,554 cases (Table 4) .
Discussion
There was no significant change in the incidence of awake tracheal intubation from 2002-2013 despite a significant increase in the use of VL for tracheal intubation after induction of general anesthesia, most prevalent from approximately 2009 onwards.
The relatively unchanged incidence of awake tracheal intubation may relate to the many alternatives to direct laryngoscopy (e.g., the Trachlight, LMA-Fastrach, Bullard laryngoscope, and flexible bronchoscope) that were widely available predating the introduction of VL. Thus, while an effective airway adjunct, 9 the video laryngoscope may not have significantly impacted how often awake tracheal intubation is performed. Moreover, the decision to perform awake intubation also incorporates factors such as anticipated difficult bag and mask ventilation, a full stomach, predicted intolerance of apnea, or a lack of expert help.
1 None these latter factors would be affected by VL, which might further explain the steady incidence of awake intubation over time. Even if the need for awake intubation had been diminished by more frequent use of VL, it is also conceivable that such a decrease could have been masked by a concomitant rise in awake intubation for an increasing population of obese patients 10 in whom a higher incidence of anticipated difficult airway management might be expected. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] While the overall incidence of awake tracheal intubation was 1.06% of GETA cases, there was substantial variability in the rate (0-3.4 per 100 GETA cases) at which individual attending staff performed the procedure. These results were not controlled for subspecialty practice (e.g., anesthesiologists performing mainly regional vs neuroanesthesia), although anecdotally, the four individuals with the two lowest and the two highest rates of awake intubation had similar practice profiles (data not shown). This suggests at least some variability among staff in their personal thresholds for performing awake tracheal intubation.
Our findings are consistent with some of those reported recently in a study by Wanderer et al. 7 In their large (n = 317,509) database review of cases conducted under general anesthesia using either an ETT or SGD during March 2001 to February 2013, a significant increase in the use of VL was reported beginning around 2008. A continuous decline in the use of the flexible bronchoscope was apparent during their study period, although no statistical analysis was reported for their observation. In addition, the report made no distinction between use of the device for awake tracheal intubation or for intubation after the induction of general anesthesia.
As our institution is a typical Canadian tertiary care centre with most types of surgery represented, we have no reason to suspect that the rate of awake intubation was any different from that at similar institutions. Nonetheless, we acknowledge that institutional preferences exist for certain practices or procedures. On that basis, even with comparable surgical populations, our incidence of awake tracheal intubation could differ from that occurring in other tertiary care hospitals. Our use of non-VL alternatives to DL (e.g., lighted stylet, LMA-Fastrach, Bullard laryngoscope, and visual stylets) decreased over the examined time period. We could not identify published literature with which to compare this finding. Although decreasing, lighted stylet use was significant at our institution throughout the time period.
An awake tracheal intubation was performed on more males than females by a ratio of 2:1. This finding corresponds with those in previous large-scale studies, i.e., males experience a higher incidence of difficult face mask ventilation and/or tracheal intubation than females. [21] [22] [23] [24] It is also not unexpected that otolaryngology and cervical spine procedures were the most highly represented for awake intubation. That general surgery occurred next most commonly might be explained in some instances by full stomach concerns coinciding with predictors of difficult tracheal intubation.
The 2% failure rate of attempted awake intubation was comparable with rates of 1.2-1.8% published previously in the context of clinical trials. 25, 26 Sixty-five percent of awake intubation failures and 52% of recorded complications in this study related to either difficulty with ETT passage through the larynx or suboptimal topical airway anesthesia. Both of these complications could potentially be prevented, e.g., with the primary use of a smaller or Parker ETT (Parker Medical, Englewood, CO, USA) 27 over an adult-sized bronchoscope or with more effective application of topical airway anesthesia, respectively. It is also worth mentioning that 5% of the self-reported complications related to partial or complete compromise of airway patency simply with application of topical airway anesthesia. This has been previously described [28] [29] [30] [31] [32] [33] but is an underappreciated phenomenon that underscores the need for an alternative plan even with the alleged safety margin provided by awake intubation.
Published guidelines continue to recommend awake intubation as an option for the patient with anticipated difficult airway management.
1,2 Knowledge of the incidence of awake tracheal intubation may help provide benchmark data for residency programs and continuing education officers in designing airway education curriculum.
There were some limitations to our study. Although we have no reason to think that our surgical case mix or patient population differs significantly from other tertiary care centres (i.e., our results should be generalizable to other similar centres), they may not be applicable to nonteaching or community-type practices. Furthermore, the findings may not necessarily be applicable to out-ofoperating room environments such as emergency departments or critical care units. As a retrospective study, some results may have been prone to imprecision and underreporting, especially self-reported factors such as the need for multiple or prolonged attempts at awake tracheal intubation or other complications encountered during the procedure.
In conclusion, during 2002-2013 at our tertiary care institution, 1.06% of patients undergoing general anesthesia with tracheal intubation underwent awake intubation. No significant change in the incidence of awake tracheal intubation was observed over the study time period. Awake tracheal intubation appears to have a high success rate. Variability in the use of awake intubation among staff could have implications for quality assurance surveillance and continuing professional development programs. In spite of the increasing use of VL, it appears that awake tracheal intubation retains an important and consistent role in the management of the difficult airway.
